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Abstract 
Due to the change in water management from construction of new to rehabilitation of existing networks strategic rehabilitation 
management becomes more and more important. To deal with the upcoming rehabilitation demand in times of limited public 
budgets the identification of areas with high priority for rehabilitation is necessary. Consequently this paper shows a priority model 
which aids in identifying this areas where rehabilitation is not only technically necessary but also economically recommendable. 
This model is applied on a medium sized case study to compare a prioritization based on different yearly rehabilitation rates. These 
results are compared with fixed rehabilitation rates. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Organizing Committee of WDSA 2014.  
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1. Introduction 
In Austria with a connection rate of 91.8% [1] the focus of the water distribution operators is changing from new 
connections to rehabilitation of the existing network. The percentage of rehabilitation costs as parts of the entire 
investment costs in the water sector will rise from 56% in the year 2014 to 72% in 2021 [1]. Due to limited public 
budgets and the low existing rehabilitation rates, the identification of areas with high priority for rehabilitation gets 
more and more important. As part of the project REHAB [2] we developed a prioritization method for water 
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distribution systems by taking into account the influences of different networks (sewer system, gas distribution 
network, district heating, street networks) and their rehabilitation. This contributes to the topic of strategic asset 
management in water distribution systems. In this paper, we show the methodology for water distribution networks 
applied to a case study. The methodology provides a comprehensible and replicable approach to rank and prioritize 
rehabilitation areas (in our case street sections) and allows the integration of further infrastructure networks. Its main 
use is the investigation of different future scenarios and how these scenarios can be evaluated to aid the decision 
making process. 
2. Methods 
The methodology (shown in Figure 1) implements a plausibility check for the existing data as well as semi-
automatic reconstruction of missing data (e.g. construction year and pipe material) [3]. Afterwards, the priority of 
elements in the water distribution network is estimated by using factors like pipe deterioration [4][5][6], depreciation, 
number of components (like valves, hydrants, etc.), history of breakages etc. These influences are weighted and 
summed up streetwise to prioritize for rehabilitation. The identification of rehabilitation areas rather than single pipes 
was chosen to take advantage from synergies in the rehabilitation process for the different infrastructure systems. 
Together with the importance of the streets, public transport (to minimize disturbance due to unplanned closure of 
streets), and of buildings (e.g. public buildings as hospitals) in the area, a priority ranking for the different areas of the 
city is calculated. With this approach, the impact of different rehabilitation rates as well as different importance of 
influences for the operating company (by changing the weights of influencing factors) can be simulated. A detailed 
description of this prioritization model is available in another publication [7]. This framework is intended to be used 
together with the water company to a) discuss the internal decision making process in strategic asset management and 
rehabilitation planning by quantifying importance of different factors (weights) and b) to improve the planning of 
upcoming rehabilitation measures by identifying areas of highest priority. 
 
 
Fig. 1. Scheme of the Priority Model [7] 
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For this case study, only data about the water distribution network and the environmental influences were available. 
For the water distribution network the influencing factors of deterioration, vulnerability, depreciation, failure history 
and components were considered. For deterioration, a cohort survival model [4] was used. For the vulnerability 
regarding water loss estimations a simplified approach was used because no hydraulic model was available. Therefore, 
the water losses were calculated with the orifice equation [7] using emitter-exponents and emitter-coefficient from 
literature [8] by applying the nominal pressure of the pipes. For different kind of failures, the discharge water for every 
pipe was estimated and summed up. This was done by using the frequency of appearance of the failure type in the 
existing failure records as weights. Other influencing factors are a linear depreciation and the number of components 
like valves, hydrants, etc. Because failures in our case study tended to accumulate in certain areas also the failure 
history itself was implemented as a factor to indicate other not available factors like aggressive soils, bad workmanship 
quality, etc. All of this factors were normalized to a range of 0 – 1, weighted and summed up street section wise (the 
data was sectioned into street and valve sections [9]). 
For the environmental factors mainly the importance of the streets, using data form Open Street Map, the influence 
of railway tracks and the location of important buildings, like hospitals, airport, etc. were taken into account. 
With this prioritization, we investigated 3 different yearly rehabilitation rates (1%, 1.5% and 2%) until the year 
2020. Another approach is using instead of a fixed rehabilitation rate, which is seldom the case, a limited yearly 
rehabilitation budget. For this approach we use the estimated construction costs for each street section (from the 
depreciation module) to match with the yearly budget. To enable a comparison with the fixed rehabilitation rate we 
calculated a fixed budget using the different rehabilitation rates of the network multiplied with an average cost factor 
for water distribution pipes in urban areas [10] which resulted in approximately 2, 3 and 4 Mio€ per year respectively. 
The case study, on which this approach was used, is a medium sized city (app. 95,000 inhabitants) with an overall 
network length of 851km with 17,268 house connections (32% of the network length). The failure recordings started 
already 1983 but have gaps at times, which influences the priority model. 
3. Results and Discussion 
For our scenario, we chose the weights for the different influencing factors to the water distribution and 
environmental model. The highest weights are given to deterioration and vulnerability (W=3), lower ones to the house 
connections and structures (W=2) and only giving slight importance to the depreciation (W=1). For the environmental 
model, we used no weights due to the low data quality available in order to exploit all possible data sources to the 
fullest. The weighted overlaying of the two modules was executed giving the water distribution model double the 
importance than the environmental one because of the higher data quality and the higher importance to the 
rehabilitation management. Figure 2 shows the result of these estimations. 
With this prioritization, we can start to rank the different street sections and develop rehabilitation plans. We used 
the priority of the street section and used a yearly rehabilitation rate of 1.0% (Figure 3) and a yearly budget of 2 Mio 
€ per year (Figure 4) to pinpoint and compare the areas of rehabilitation until the year 2020. 
It can be seen that the differences between the two approaches are considerable (see Figure 3 and 4). This can be 
explained by the fact that the rehabilitation costs for street sections, which are estimated for the depreciation, are more 
precise and include components like hydrants etc. Nevertheless, this estimations were performed for different 
rehabilitation rates and the corresponding budgets (Table 1) showing the same results. 
This approach can further be applied to house connections with different parameters to estimate rehabilitation rates 
for them only. This could be beneficial if the house connections are not (or just partly) owned by the operating company 
to manage the maintenance of these components. Further, it could be observed that house connections have a higher 
failure rate than distribution pipes [2], which gives this application even more importance. 
Validation of this model proved to be difficult, because of the lack of long-term strategic rehabilitation plans in the 
case study. The weighting system, which is one of the main parts of the model, has to be developed for each case study 
anew and discussed and validated by usage through the operating company. 
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Fig. 2. Priority of the water distribution network. 
 
Fig. 3. Rehabilitation areas for a yearly rehabilitation rate of 1%. 
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Fig. 4. Rehabilitation areas for a yearly budget of 2 Mio€. 
Table 1. Rehabilitated pipe length depending on budget in comparison to fixed rehabilitation rates. 
 Rehabilitation rate [%] Budget [€] 
Year 1.0 1.5 2.0 2,000,000 3,000,000 4,000,000 
2014 5,778.62 8,377.22 11,573.38 4,659.16 6,613.15 8,872.72 
2015 5,794.76 8,410.17 11,604.51 4,255.25 6,277.02 9,027.05 
2016 5,792.62 8,412.28 11,583.96 4,112.58 6,827.49 9,112.35 
2017 5,795.81 8,410.38 11,593.28 4,918.43 7,230.12 8,482.07 
2018 5,796.02 8,412.07 11,597.11 4,352.64 6,455.42 9,500.57 
2019 5,800.47 8,413.58 11,601.04 4,771.63 6,950.94 8,570.81 
2020 5,800.14 8,410.47 11,601.07 4,356.82 6,595.45 8,513.44 
4. Conclusion 
This paper shows the application of a priority model for the rehabilitation management of water distribution 
systems. The methodology provides a comprehensible and replicable approach to rank and prioritize rehabilitation 
areas (in our case street sections) and allows the integration of further infrastructure networks. Its main use, until 
further validation, is the investigation of different future scenarios and how these scenarios can be evaluated to aid the 
decision making process. Therefore, we showed in this work how the model can be used to compare a prioritization 
based on different yearly rehabilitation rates are compared to fixed rehabilitation budgets. It was found that the 
differences between the two approaches are considerable. 
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